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Expression, Purification and Partial Characterization
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Abstract The ¢cDNA of gloshedobin was synthesized and amplified by RT-PCR from the total RNA of snake ( Gloydius

shedaoensis) venom gland. The 711 bp nucleotide sequence, which encodes the mature gloshedobin, was cloned into

expression vector pPIC 9K and transferred into yeast Pichia pastoris, strain GS115. Transfermants with phenotype His*

Mut® were selected to study their expression. Recombinant protein was conveniently separated and purified from the
supernatant by two chromatographic steps: ion exchange chromatography on -Sepharose FF and affinity chromatography
on Benzamidine Sepharose 4BCL. Like intact gloshedobin, the recombinant enzyme exhibited strong esterase activity

using tripeptide p-nitroanilide derivatives as substrate, but hydrolyzed N-p-tosyli-arginine methyl ester (TAME) very
weakly. The recombinant protein displayed extreme instability at 37 'C in neutral buffer but higher stability at 0C, and
also, pH is not a key factor to affect its stability while the optimal pH for its enzymatic activity is pH 8. 0.
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Gloshedobin is a thrombin-like enzyme obtained
from the venom of Gloydius shedaoensis. In contrast
with thrombin, which converts fibrinogen to fibrin by
removing fibrinopeptides A and B, a thrombinrlike

releases only fibrinopeptide A  from

[

enzyme
fibrinogen As it does not activate factor X, the
formed clots are not cross-linked and are more suscep-
tible to plasmin degradation resulting in a rapid clear
ance from the microcirculation!” . Consequently, the
thrombirrlike enzyme appears to be an appropriate
alternative to heparin and may be preferable to it in
hemorrhagic complications. Thrombirrlike enzymes
have been studied widely because of their therapeutic
potential in myocardial infarction and thrombotic
diseases!* ).

Although gloshedobin can be purified from the
snake venom, it is difficult to obtain large amounts of
it either for studies or for large scale production. So
far, many reports focus on E. coli expression system
to produce thrombinrlike enzymes. However, highly
expressed heterogeneous proteins in E. coli tend to
form biologically inactive inclusion bodies combined
with difficulties in refolding. Ineffective refolding
will lead to very low activity recovery, sometimes as
low as 3%'%7. Over the last few years, the methy-
lotrophic yeast Pichia pastoris has been developed into a
powerful expression system for a number of foreign
gened ™. Unlike E. coli system, this eukaryotic system
has several advantages, such as: 1) ability for rapid
growth to high cell density; 2) ability to express soluble
heterogeneous proteins; 3) ability to modify expressed

proteins. In this work, ¢DNA of gloshedobin was synthe
sized and amplified by RT-PCR from the total RNA of
snake ( Gloydius shedaoensis) venom gland. Then the gene
of mature gloshedobin was cloned and expressed in the
methylotrophic yeast Pichia pastoris. Finally, the recombi-
nant protein was purified and partially characterized.

1 Materials and Method

1.1 Synthesis and amplification cDNA of gloshedobin
by RFPCR

Freshly prepared total RNA (1 Hg) from the
snake venom of Gloydius shedaoensis, was incubated
at 65C for 10min and then transferred on ice
immediately. Synthesis of ¢DNA was conducted
according to manufacturer s protocol ( Gibco, USA).
Based on homology!* = "l
amplified by PCR using two primers respectively: 5-
ATGGTGCTGATCAGMGTG-3 (M= A+ T) and
5-CGCCCAGGGTTTTCCCAGTCACG AC-3. RT-
PCR kit, 5-full RACE Core Set( Takara, Japan),
was used for RT-PCR to obtain the full length
nucleotide sequence. The nucleotide sequences were

the obtained ¢cDNA was

determined by the dideoxy chainr termination method.
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1.2 Construction of expression vector

The mature gloshedobin gene was amplified by
PCR to place EcoR 1 site at its 3 terminal and place
a-factor signal sequence, ending at cleavage site
Stel3, at its 5 terminal. The two applied primers
are: 5 - GAAAAGAGAGGCTGAAGCTATCATTGG-
AGGTGATGAATG-3 and 5-CCGAATTCTTAT-
CATGGGGGGCAGGTTGCA-3', respectively.
1.3 Expression recombinant protein in shake flask

The construct was integrated into the genome of
yeast Pichia pastoris strain GSI115 ( Invitrogen,
USA) by electroporation. Transfermants with
phenotype His* Mut® were selected. Culture condr
tion and expression induction were manipulated
according to manufacturer s instructions( Invitrogen,
USA). Expression of gloshedobin was determined by
examining enzymatic activity.
1.4 Purification procedure

The pH of the culture was adjusted to 5.0 and
then centrifuged at 17 000 g ( Ricoh, Japan) for
30 min to remove cells and precipitates. The super
ion exchanger on Q
Sepharose FF ( Pharmacia, Sweden) and the active
peak was eluted at the gradient of 0~ 0.5 mol/L
NaCl in 20 mmol/ L methylpiperazir HC1, pH 5.0 in
20 column volume. Then the obtained active material
was purified by affinity chromatographic adsorbents
on  benzamidine Sepharose 4BCL  ( Pharmacia,
Sweden) in 50 mmol/ L Tris HCI, pH 8.2, eluting
with 0.5 mol/ L. NaCl in the same buffer. The active
products eluted from ion exchanger were loaded to
affinity chromatographic matrix on ConA Hitrap
(Pharmacia, Sweden) to examine post-modification,
specifically eluted by 0.5 mol/L methyka-p-glycopy-
anoside in 20 mmol/ L Tris-HCL, pH 7.4, containing

natant was fractioned by

(a)
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0.5 mol/ L. NaCL.
1.5 Amidolytic activity assay
Amidolytic activity was assayed using chromogenic

substrate  ( No p-tosyFGly-ProArg  p-nitroanilide,

121 One unit of amidolytic activity was defined as

Sigma)
the amount of enzyme necessary to hydrolyze 1. 0 Hmol of
substrate per min. Ancrod, a thrombirr like enzyme from
Calloselasma rhodostoma (Sigma), was used as standard
enzyme.
1.6 Arginine esterase assay

Arginine esterase activity was measured by the
method described by Yabuki et al.!", using N-p-
tosyFi-arginine methyl ester (TAME) (Sigma) as
substrate.
1.7 Protein concentration

Protein concentration was determined by the

method of BCA!'*.
1.8 SDS PAGE electrophoresis

All the electrophoresis were manipulated according to
the manual using PhastGel System ( Pharmacia,
Sweden) .
1.9 N-amino acid sequence analysis

The first 10 N-terminal residues of recombinant
Edman

protein were determined by automatic

degradation procedure.
2 Results and Discussion

2.1 Construction of expression vector
The expression vector pPIC 9K was constructed

to encode mature gloshedobin, which contains 237
amino acids, 711 base pairs ( Figurela). The frag-
ment of gloshedobin gene was cloned in frame within
the secretion signal open reading frame and inserted
within signal cleavage site Stel3 (Figurelb).
(b) BamH |
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Bt 1l 3A0X
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ILE gene
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Fig. 1 Expression construct of gloshedobin gene

(a) agarose gel electrophoresis analysis of gloshedobin gene; (b) schematic diagram of expression vector construction,
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2.2 Expression and purification of recombinant
gloshedobin

Transfermants with phenotype His" Mut® were

applied to study the expression of gloshedobin in
500 ml shaking flask. Having been induced with
methanol for 36 hours, the target enzyme could be
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examined in the supernatant by measuring amidolytic
activity. Compared with minimal medium, rich
medium led to higher expression level of 10 mg target
protein per liter culture.

The recombinant gloshedobin was conveniently
purified by three steps ( Figure2). Firstly, the
culture was adjusted pH to 5.0 in order to remove
cells and precipitates. This is because the recombinant
gloshedobin's p/ is around 3.5~ 4.5 according to
isoelectric focusing electrophoresis (data not shown).

EMFESE MR ER

Prog. Biochem. Biophys. 2002: 29 (3)

Secondly, the prepared sample was separated and
purified by a combination of chromatography: ion
exchange chromatography on Q Sepharose FF and
affinity chromatography on benzamidine Sepharose
4BCL. Benzamidine is a competitive inhibitor for
serine proteases. As thrombimrlike enzymes belong to
serine protease family,
Sepharose 4BCL would probably specifically capture
Table 1

efficiency of each separation step.

the matrix: benzamidine

gloshedobin. shows the recovery and

Table 1 Amidolytic and TAME activity of the active fractions obtained after the purification steps
Protein Amidolytic Activity TAME
Fractions Total Recovery Total Recovery Specific activity  Purification activity
/mg ! G fu | % fUsmg™ ' fold( s) JUsmg !
Culture 1 248 100 4920 100 3.9 1 0.2
() Sepharose 300 24 3936 81 13.1 3.4 0. 66
Benzamidine 112 9 3493 71 31.2 8.0 1. 56
" ; - ’ Sepharose, indicates that glycosylation does happen to
- recombinant gloshedobin ( Figure3). The reason is
9.0 -y that there is an affinity interaction between lectin,
70— T the specific ligand of the matrix: ConA- Sepharose,
and glycoprotein. However, the glycosylation occur-
43.0 . . . - - .
' ring on w hich site and in which form is not clear yet.
2.3 Partial characterization of recombinant
30.0 * - —28.0 gloshedobin
20.1 2.3.1 N-terminal amino acid sequence analysis: The
N-terminal amino acid sequencing of recombinant
14,4 —_— q g

Fig. 2 Electrophoresis analysis of each chromatographic step
I: marker; 2 : active peak from (- Sepharose FF; 3: active products from

benzamidine Sepharose 4BCLL.
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Fig. 3 Recombinant gloshedobin adsorbed to affinity
column: ConA Hitrap
- = = ractivity; ——: A 2g0. Chromatographic procedure,

see section “material and method”.

Intact gloshedobin from snake venom has a
possible glycosylation site at Asn'**Ser'”-Thr'*® with
respect to its amino acid sequence homology compared
with other thrombimrlike enzymes!®. That their
affinity  matrix,  ConA

positively  binding  to

gloshedobin revealed a single sequence, Gl Alelle
lle Gly- Gly-Asp- Glu- CysAsn.  Residues lle Ile Gly-
Gly-Asp Glu-CysAsn  correspond  to
sequence of the native enzyme. And the two extra
residues Glu-Ala were expected to be cleaved by

N-terminal

restriction enzyme Stel3 automatically when travel-
ling through the cell membrane. One possible expla-
nation is that environmental components, for exam-
ple, the advanced configuration of the heterogeneous
protein, will probably interfere with enzyme Stel3.
Furthermore, glycosylation at N-terminal may dis
rupt the secondary structure and shield the Stel3
cleavage site resulting in an intact form.

2.3.2 Stability: The

solution shows slightly difference of stability in the

recombinant  enzyme in
range of pH4.5~ 8. The optimal pH for enzymatic
reaction is pH 8.0. However, compared with natural
gloshedobin, this enzyme is much more sensitive to
the temperature. Incubated overnight at 37°C in
20 mmol/L. TrisHCL, pH 7.0 or 20 mmol/L
methylpiperazir HCl, pH 5.0, it will be autocleaved
into peptides. Repeated freezing and thawing will
greatly affect the activity of gloshedobin. According
to the prediction of a computer program in Swiss
Model, its estimated half-life is: 30 min (yeast, in
vivo). In this case, it is classified as unstable one.
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2.3.3 Substrate specificity: Like natural gloshedobin,
this recombinant enzyme exhibited strong esterase activity
using tripeptide p-nitroanilide derivatives as substrate,
but  hydrolysed N-p-tosyli-arginine methyl ester
(TAME) very weakly, roughly one twentieth of activity
of hydrolysing the former substrate. Furthermore, the
ability of the enzyme to hydrolysis two tripeptide p-
nitroanilide  derivatives,  N-p-tosyk Gly-Pro-Arg  p-
nitroanilide and N-benzoyt Pro- Phe Arg  p-nitroanilide
were studied. The enzyme showed as much as two times
more active when using N-benzoyl Pro-Phe Arg  p-
nitroanilide as substrate than using the other one.

2.3.4 Molecular mass: The molecular mass of this
enzyme, 27 675 u, is determined by mass spectrum
(data not shown). According to SDS-PAGE, the
molecular mass of this enzyme is about 28 ku. Com-
pared with the theoretic molecular mass calculated by
adding all amino acids, 26 000, the difference is
probably contributed by the sugar chain. In this case,
the percentage of the sugar moiety is about 7%.
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